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ABS TRACT 

T h i s  i s  t h e  f i r s t  p a p e r  o f  a s e r i e s  which w i l l  examine 
t h e  i n t e r a c t i o n  of d i f f e r e n t  v e h i c l e s  w i t h  t h e  a tmospheres  o f  
v a r i o u s  p l a n e t s ,  p a r t i c u l a r l y  Mars and Venus. It i s  assumed 
t h a t  these  p r o b e s  a r e  an  i n t e g r a l  p a r t  o f  a manned m i s s i o n  t o  
t h e  above p l a n e t s .  V a r i a t i o n s  i n  per formance  which a re  
p e c u l i a r  t o  each  t y p e  of v e h i c l e  and which a r i s e  from uncer -  
t a i n t i e s  i n  knowledge of t h e  s t a t e  of  t h e  a tmosphere  w i l l  
r e c e i v e  p a r t i c u l a r  emphasis .  The p r e s e n t  p a p e r  dea ls  w i t h  
v e h i c l e s  which a r e  p l a c e d  i n  o r b i t  abou t  t h e  p l a n e t .  The 
v e h i c l e  p a r a m e t e r s  o f  concern a re  o r b i t  l i f e t i m e  and d r a g  f o r c e s  
on t h e  v e h i c l e .  
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MEMORANDUM FOR FILE 

INTRODUCTION 

A basic assumption of this paper is that the density 
of the atmosphere at orbital altitudes may vary continuously 
with time; in other words, knowledge of the density is subject 
to an uncertainty 6 p / p ,  where 6 p  is the density uncertainty, 
and p is the density. It is also assumed that this uncertainty 
may be reduced for a manned mission by deploying an impacter 
p r c b e  of the type described in Rerererice i a few h o u r s  beyore 
periapsis. The effect of a decrease in 6 p / p  in both determina- 
tion of drag force on, and lifetime of, an orbiting vehicle 
will now be examined. 

ANALYSIS 

paper has 

A) 

B) 

The atmospheric model chosen for calculations in this 
the following properties : 

The atmosphere is isothermal. 

The density scale height H is constant with 
change in altitude. 

Surface pressure (the weight of the atmosphere 
per unit area) is constant over the surface of 
the planet. 

The atmosphere obeys the perfect gas law. 

The composition of the atmosphere does not 
vary with time or altitude. 

Atmospheric density at any altitude is given by: 
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where 

p ( Z )  is the density at altitude Z 

is the density at the planet surface. 

in this model, is related to H in the follow- 
ing manner: 

Condition C stipulates 

where 

Po is the constant surface pressure, and 
g(Z> is the local gravitational potential, 
assumed equal to go (the value at the 
surface) for this integral. This is justi- 
fied by the following reasoning. 

Consider the two terms under the integral sign: 

Z 

In a distance of two scale heights from the surface, 
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The v a l u e  of  t h e  p roduc t  of t h e s e  two terms has de- 
c r e a s e d  t o  1 0 %  of  t h e i r  v a l u e  a t  t h e  s u r f a c e .  T h i s  means t h a t  
t h e  major  c o n t r i b u t i o n  t o  t h e  i n t e g r a l  has t a k e n  p l a c e  i n  abou t  
two s c a l e  h e i g h t s  f rom t h e  s u r f a c e .  However, g has remained 
approx ima te ly  c o n s t a n t .  T h u s ,  g may b e  c o n s i d e r e d  t o  r e t a i n  i t s  
v a l u e  a t  t h e  p l a n e t  s u r f a c e ,  g o ,  and may b e  t a k e n  o u t s i d e  t h e  
i n t e g r a l  s i g n  d u r i n g  t h e  i n t e g r a t i o n .  

I n s e r t i o n  of  (1) i n t o  ( 2 ) ,  w i t h  subsequen t  i n t e g r a t i o n ,  
y i e l d s  : 

Po = P o @  

o r  

- c o n s t a n t  - K 
- H - F I  

I n s e r t i o n  o f  ( 4 )  i n t o  (1) produces :  

( 3 )  

(4) 

A v a r i a t i o n  of  b o t h  s ides  of Eq 'uat ion ( 5 )  f o r  c o n s t a n t  Z y i e l d s :  

A l l  v a r i a t i o n a l  q u a n t i t i e s  a re  g i v e n  t h e  same s i g n ,  
t o  f i n a l l y  y i e l d :  

A t  t h e  p l a n e t  s u r f a c e  t h i s  becomes: 

6H - -  - +H 6 p 0  



BELLCOMM, I N C .  - 4 -  

A p p l i c a t i o n  of t h e  p e r f e c t  g a s  l a w  a t  t h e  s u r f a c e  
y i e l d s  : 

where To i s  t h e  s u r f a c e  t e m p e r a t u r e .  

Thus,  t h e  u n c e r t a i n t y  i n  d e n s i t y  i n  t h i s  model i s  
e q u i v a l e n t  t o  a n  u n c e r t a i n t y  i n  g a s  t e m p e r a t u r e .  I f  d e n s i t y  
u n c e r t a i n t y  i s  d e r i v e d  from s c a l e  h e i g h t  u n c e r t a i n t y  ( E q u a t i o n  

71, t h e  magni fy ing  f a c t o r  [T) has a s t r o n g  e f f e c t  ’ e s p e c i a l l y  
a t  h i g h  a l t i t u d e s .  

ZtH 

Now t h e  r e l a t i o n s h i p  of u n c e r t a i n t y  i n  knowledge of 
d e n s i t y  to u n c e r t a i n t y  i n  e s t i m a t e d  o r b i t e r  l i f e t i m e  w i l l  b e  
p r e s e n t e d .  

F i g u r e  1 shows t h e  s p a c e  v e h i c l e  o r b i t i n g  t h e  p l a n e t  
of i n t e r e s t .  The symbols are:  

P ,  t h e  p l a n e t  o f  i n t e r e s t  

R t h e  r a d i u s  of  t h e  p l a n e t  
P’  

R ,  t h e  d i s t a n c e  from t h e  c e n t e r  of t h e  p l a n e t  
t o  t h e  o r b i t i n g  v e h i c l e  

m ,  t h e  mass of  t h e  o r b i t i n g  v e h i c l e  

g ,  t h e  g r a v i t a t i o n a l  a c c e l e r a t i o n  a t  R 

FD, t h e  drag f o r c e  a c t i n g  on t h e  v e h i c l e  

- 
t h e  t a n g e n t i a l  d e c e l e r a t i o n  o f  t h e  v e h i c l e  

a T  ’ 
Drag f o r c e  i s  w r i t t e n  as :  
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CD i s  t h e  d rag  c o e f f i c i e n t ,  

p ( R )  i s  t h e  d e n s i t y  a t  R ,  

A i s  t h e  f r o n t a l  area o f  t h e  o r b i t e r ,  

V ( R )  i s  t h e  v e l o c i t y  a t  R .  

It i s  now assumed t h a t :  

A )  The v e h i c l e  i s  a p o i n t  mass at R 

B )  The o r b i t  i s  c i r c u l a r  

D) CD i s  c o n s t a n t  

E )  A r ema ins  c o n s t a n t  

F) The v e h i c l e  i s  i n j e c t e d  i n t o  o r b i t  a t  R +Z P 

The energy  d i s s i p a t e d  by drag f o r c e  p e r  o r b i t  i s  
g i v e n  as :  

p ( R )  may be w r i t t e n  as:  

R-R 
P 

R-R 
H 

-- P 
K H -- 

= i T e  p(R) = p 0 e  

D I 
0 where K i s  - . 

g0 
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Force  b a l a n c e  i n  t h e  r a d i a l  d i r e c t i o n  y i e l d s :  

o r  

V = R J %  P 

S u b s t i t u t i o n  o f  ( 1 2 )  and ( 1 4 )  i n t o  (11) y i e l d s :  

-- 2 K e  H = T C  Ag R E~~~~ D O P E  

The t o t a l  ene rgy  p o s s e s s e d  by t h e  o r b i t i n g  v e h i c l e  
i s  t h e  sum of i t s  k i n e t i c  and p o t e n t i a l  e n e r g y ,  i . e . ,  

1 L  = -mV + m g  R E~~~~~ 2 
or 

The change i n  energy p o s s e s s e d  by  a n  o r b i t i n g  v e h i c l e  
w i t h  change i n  a l t i t u d e  i s  g i v e n  b y :  

2 

d E ~ ~ ~ ~ ~  = +L 2 0  m g  (2) 
d R  
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Thus, the l o s s  in altitude of the orbiting vehicle 
after one revolution, due to the dissipative action of the 
drag force, is the ratio: 

R-R P -- 2 H  2aCDAKR e 
E~~~~ = +  
dE Hm 
dR 

AR = - 

The period of circular orbit is: 

3/2 2XR - 2 X R  

Rp Jgo 
T = V o . -  

Therefore, the velocity of descent of the orbiting vehicle is 
given as: 

R-R P -- 
V D - T -  - A R - + - ~ c - e  CDA K H R1/2 

m p O H  

The lifetime of the orbiter is approximately: 

R-R P 
P P m H R-lI2 e d R  

C A  L =  7 R K P O  

R-lI2 may be written as: 

1 R-lI2 = [Rp + (R-Rp) 
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Z 
R 

R-R 

P 
P ( o r  -) i s  a small  

q u a n t i t y  (on  t h e  o r d e r  of  t e n  p e r c e n t  o r  l e s s ) ,  t h e n  R- 
may b e  expanded i n  a two-term se r i e s  of  t h e  form: 

P 
I f  i t  i s  assumed t h a t  

1/ 2 

S u b s t i t u t i o n  of  ( 2 4 )  i n t o  ( 2 2 )  a l l o w s  a r e l a t i v e l y  
s i m p l e  c losed- form s o l u t i o n  t o  be o b t a i n e d .  I n t e g r a t i o n  of  
( 2 2 )  by p a r t s  g i v e s :  

Z - 
L = t- r 1  H ( H + ! & -  H e H  + 

‘DA R 3 ’ 2 q  P K 

Z 
H Z E? H 2  e g )  e - -  

2RP 
T R -  

P 

o r  

- 
L = +- m H L  e H t  

‘DA R 3 ’ 2 J g 0 K  P P 

Z Z I  
H e’ I e - -  

2RP 

1 z  E? 
2 R  

P 

T h i s  e x p r e s s i o n  w i l l  now b e  s i m p l i f i e d .  It i s  
assumed t h a t :  
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H B )  - <<1 Z 

These assumpt ions  r e d u c e  ( 2 6 )  t o :  

Z 

e m H 2  L = -- 
‘DA R 3 ’ 2 5  P K 

A f t e r  a v a r i a t i o n  i s  per formed on b o t h  s i d e s  o f  t h e  
above e q u a t i o n ,  w i t h  Z h e l d  c o n s t a n t ,  t h e  f o l l o w i n g  e x p r e s s i o n  
i s  o b t a i n e d :  

6L - 2 H  t Z 6H 
H H  L 

- -  

Now t h e  v a r i a t i o n  i n  l i f e t i m e  may b e  r e l a t e d  t o  v a r i a -  
t i o n  i n  d e n s i t y  b y  s u b s t i t u t i o n  of  ( 7 )  i n t o  ( 2 8 ) .  T h i s  p r o c e d u r e  
g i v e s  : 

6L - 2H t Z 6p 
L Z t H P  
- -  

If t h e  d e n s i t y  i s  measured d i r e c t l y  as a f u n c t i o n  of  
a l t i t u d e  [by ,  f o r  example,  an Aero-Drag p robe  ( R e f e r e n c e  l)], t h e n  
the  u n c e r t a i n t y  i n  o r b i t e r  l i f e t i m e  i s  p r o p o r t i o n a l  t o  t h i s  e r r o r  
i n  measured d e n s i t y  [Equat ion  (2911 .  However i f ,  as i n  t h e  r a d i o  
o c c u l t a t i o n  exper iment  (Refe rence  31, t h e  d e n s i t y  a t  h i g h  a l t i t u d e s  
i s  o b t a i n e d  from measurements of  d e n s i t y  a t  t h e  s u r f a c e  and s c a l e  
h e i g h t  as a f u n c t i o n  of  a l t i t u d e ,  t h e n  t h e  u n c e r t a i n t y  i n  o r b i t e r  
l i f e t i m e  i s  g i v e n  as t h e  p roduc t  of s c a l e  h e i g h t  u n c e r t a i n t y  and 

Z Z t h e  magni fy ing  f a c t o r  ~f [Equat ion  ( 2 8 )  f o r  > >  11. 
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CONCLUSION 

Knowledge of t he  s t a t e  of t h e  atmosphere a f e w  hours  
b e f o r e  p e r i a p s i s  of a manned f l y b y  v e h i c l e  a l l o w s  a more a c c u r a t e  
d e t e r m i n a t i o n  of  t h e  o r b i t e r  l i f e t i m e  for i n j e c t i o n  a t  a g i v e n  
a l t i t u d e .  The AV e x p e n d i t u r e  n e c e s s a r y  t o  deploy  t h e  a tmosphe r i c  
p r o p e r t y  measuring probe  ( d e s c r i b e d  i n  Reference  1) a few hours  
b e f o r e  p e r i a p s i s  i s  c a l c u l a t e d  i n  Reference  2 .  It i s  h e r e  con- 
c luded  tha t  deployment of t h e  impac te r  probe ,  and e x p e n d i t u r e  o f  
t h e  n e c e s s a r y  AV t o  o b t a i n  a tmospher ic  i n f o r m a t i o n  about  t e n  hour s  
b e f o r e  p e r i a p s i s ,  i s  w e l l  j u s t i f i e d  i n  l i g h t  of t h e  added informa- 
t i o n  a v a i l a b l e  f o r  improving t h e  p l a n e t a r y  o r b i t e r  m i s s i o n .  

1014-RNK-caw 

_ _  
.- i .  L : 

R .  N .  K o s t o f f '  

1 , \  

c I .  I, i ' _  

Attachment 
Figvre 1 
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